Little is known about the efficacy of graduated compression stockings in preventing venous thromboembolism after hip surgery. We conducted a prospective, randomised single-blind study to determine whether the addition of compression stockings to fondaparinux conferred any additional benefit.
Little is known about the efficacy of graduated compression stockings in preventing venous thromboembolism after hip surgery. We conducted a prospective, randomised single-blind study to determine whether the addition of compression stockings to fondaparinux conferred any additional benefit.
The study included 874 patients, of whom 795 could be evaluated (400 in the fondaparinux group and 395 in the fondaparinux plus compression stocking group). Fondaparinux was given post-operatively for five to nine days, either alone or combined with wearing stockings, which were worn for a mean 42 days (35 to 49).
The study outcomes were venous thromboembolism, or sudden death before day 42. Duplex ultrasonography was scheduled within a week of day 42. Safety outcomes were bleeding and death from venous thromboembolism.
The prevalence of deep-vein thrombosis was similar in the two groups 5.5% (22 of 400) in the fondaparinux group and 4.8 (19 of 395) in the fondaparinux plus stocking group (odds ratio 0.88, 95% confidence interval 0.46 to 1.65, p = 0.69). Major bleeding occurred in only one patient.
The addition of graduated compression stockings to fondaparinux appears to offer no additional benefit over the use of fondaparinux alone.
Venous thromboembolism is a common complication of major surgery in the lower limb. In the absence of prophylaxis, the overall prevalence of deep-vein thrombosis (DVT) seven to 14 days after total hip replacement (THR) or surgery for hip fracture is between 50% and 60%. 1 Proximal DVT occurs in approximately 25% of patients undergoing THR and 30% of those with a hip fracture. 1 Current evidence suggests that fondaparinux, a synthetic penta-saccharide, and low-dose low-molecular weight heparin (LMWH) are the most effective chemical thromboprophylactic agents 1,2 for patients undergoing major hip surgery. One of these agents is usually given for five to seven days until discharge from hospital, despite the American College of Chest Physicians (ACCP) 1 guidelines, which recommend a minimum of ten to 14 days and up to five to six weeks after hip surgery. 1 For those patients who only receive thromboprophylaxis in hospital, the prevalence of venographic DVT is 15% to 30% 3, 4 at the time of discharge, and a further 10% to 25% 3, 4 will develop a new asymptomatic DVT over the following three to four weeks. 3, 4 Mechanical methods of prophylaxis, such as graduated compressive stockings, intermittent pneumatic compression and foot pumps, have been poorly studied in patients undergoing surgery for hip fracture. The Cochrane Database includes 16 studies of graduated compression stockings, 5 only four of which are of orthopaedic patients. Of a total of 362 orthopaedic patients, [6] [7] [8] [9] 206, none of whom had hip fractures, had been enrolled in studies which examined the effect of adding compression stockings to chemical prophylaxis. 7, 8 In a number of recent clinical trials the efficacy and safety of fondaparinux was tested in orthopaedic patients. 10 In high-risk situations such as THR, total knee replacement (TKR) and surgery for hip fracture, post-operative fondaparinux (2.5 mg daily by subcutaneous injection) was shown to be more effective 10 than LMWH in preventing post-operative DVT, with a comparable risk of bleeding. It was therefore the preferred method of chemical prophylaxis in this study.
Our aim was to determine whether a combination of fondaparinux and graduated compression stockings was more effective than fondaparinux alone in preventing DVT after hip surgery. The inclusion and exclusion criteria are shown in Table I . Patients were randomised by sealed envelope to receive fondaparinux (2.5 mg daily) for five to nine days or fondaparinux (2.5 mg daily) for five to nine days plus graduated compression stockings for 35 to 49 days which, for the purposes of this study, will be designated as the final follow-up. The compression stockings routinely used at each investigating centre were prescribed. The first dose of fondaparinux was given six hours after closure of the surgical wound and the second dose 18 to 24 hours later. Subsequent doses were administered daily at a median interval of 22 to 26 hours for between five and nine days. Long-leg stockings were used unless the thigh circumference necessitated the use of shortleg stockings. The stockings were applied pre-operatively and worn until the last follow-up visit. Outcome measures. The primary outcome measure was the end-point of venous thromboembolism or sudden death before the last follow-up visit. Venous thromboembolism was defined by at least one of the following: objectively verified, symptomatic thromboembolism (proximal or distal DVT or fatal or non-fatal pulmonary embolism), or asymptomatic proximal DVT demonstrated by bilateral proximal ultrasound or venography. Secondary outcome measures were the components of the primary outcome and all deaths. Quality of life was measured using the EuroQoL EQ-5D questionnaire, 11 which assesses a patient's perception of their quality of life. It describes health status in terms of five dimensions: mobility, self-care, usual activity, pain/discomfort and anxiety/depression. Each dimension is divided into three levels: 1) no problem; 2) some problem; 3) extreme problem. The highest possible health state is scored as 11111 = 1.0 and the worst is 33333 = -0.59. Quality of life was measured before surgery, at the end of the treatment period, or on withdrawal from the study, and at the last follow-up visit. The safety outcomes were major and minor bleeding as adjudicated by the Critical Events Committee, the need for transfusion, death, adverse events, and serious adverse events. Major bleeding was defined as fatal bleeds; bleeding which lead to re-operation or into critical organs; clinically-overt bleeding associated with a fall in haemoglobin level of 2 g/dl or to transfusion of two or more units, or warranting cessation of treatment. Clinically-significant bleeding was defined as non-major bleeding requiring intervention or unscheduled contact, or with patient discomfort. All other bleeding was defined as minor. The committee consisted of specialists in the field of venous thrombosis and ultrasound, and was responsible for examining the critical events reported by the investigators.
Patients and Methods

Between
Statistical methods. Randomisation took place preoperatively and was stratified by centre, using balanced randomisation blocks. Treatment was allocated using sealed envelopes. The calculation of sample size was based on the primary outcome. It was assumed that the underlying event rate for fondaparinux alone was 9.3% and that for fondaparinux plus graduated compression stockings was 4.7% (i.e. a 50% reduction in event rate). Allowing for 10% missing the end-point, 80% power and a 5% significance level, a total sample size of 1072 patients (536 per group) was required. Outcome measures were based on the intention-to-treat population, that is, all patients who received at least one dose of study medication analysed according to the treatment to which they were randomised. For the primary outcome measure, the two groups were compared using logistic regression, adjusting for country (United Kingdom or Brazil; Hong Kong and Spain combined as a result of low patient numbers) and the type of hip surgery. Secondary outcome measures were analysed in the same way as the primary.
Summaries of the quality of life and safety outcome measures were based on the safety population (all patients who received at least one dose of study medication analysed according to the treatment they actually received).
Results
Of the 874 patients enrolled into the study, 856 (97.9%) were randomised to treatment. The other 18 (2.1%) either withdrew consent, did not meet all the early criteria, postponed surgery for six months or cancelled surgery, had symptomatic venous thromboembolism, the investigator decided not to randomise them, or there was a pharmacy error. There were 426 allocated to fondaparinux, and 430 to fondaparinux plus compression stockings. Of these 856, 61 did not receive the study medication (26 fondaparinux and 35 fondaparinux plus stockings) because they withdrew from the trial. The intention-to-treat population consisted of 400 in the fondaparinux group and 395 in the fondaparinux plus graduated compression stocking group. The safety population consisted of 404 in the fondaparinux group and 391 in the fondaparinux plus graduated compression stocking group. The flow of patients during the study is shown in Figure 1 .
The demographics and risk factors of each group are shown in Table II and are comparable. The surgical history within 12 months of the study and the surgical details were also similar (Table III) . Treatment details. Fondaparinux was administered for a mean of seven days (1 to 39) in each group. The number of patients wearing compression stockings fell with time. For those patients in the fondaparinux plus stocking group, the median duration of application of the stockings was 44 days (1 to 86); most (85%, 323 of 380) wore them continuously until discharged. After leaving hospital, the stockings were worn continuously by 76% (252 of 330). Long-leg stockings were used by 68% (266 of 389) and the short-leg version by the rest. Efficacy outcome. The outcome measures (Table IV) were recorded for a similar proportion of patients in the two groups. No patient in either group suffered a fatal pulmonary embolism or sudden death by the time of their last follow-up. The rates of venous thromboembolism for longleg and short-leg stockings were 5.6% (14 of 251) and 4.2% (5 of 118), respectively. Safety outcomes. The safety outcomes are recorded in Table V . Only one patient (< 1%) had a major episode of bleeding. Overall, 2% (7 of 391) of patients had adverse events related to the wearing of stockings.
Three patients in the fondaparinux group died from causes unrelated to thromboembolism and one in the fondaparinux plus stocking group. The causes of death were cardiac failure, haemoptysis, ischaemic heart disease and myocardial infarction. A similar proportion of patients in the fondaparinux group (8%, 32 of 404; 37 events) and the fondaparinux plus stocking group (7%, 29 of 391; 36 events) reported serious adverse events as a result of treatment. The most frequently reported events were abdominal pain, cellulitis, constipation, dislocation of a joint prosthesis after hip arthroplasty, myocardial infarction, peripheral oedema, wound infection and superficial wound discharge. Quality of life measures. Both groups showed similar increases in health state scores and overall health status assessments (visual analogue scale) from screening to the last day of treatment and through to follow-up (Table VI) .
Discussion
This is by far the largest randomised study of thromboprophylaxis and graduated compression stockings to date. Compression stockings were worn for a full six (14) Other (19) Fig. 1 Flow of patients through the study (VTE, venous thromboembolism; SAE, serious adverse event; AE, adverse event; GCS, graduated compression stockings).
weeks, and yet there was no evidence of added benefit over thromboprophylaxis with fondaparinux only. The prevalence of venous thromboembolism was similar whether patients wore graduated compression stockings or not: 5.8% in the fondaparinux group and 5.1% in the fondaparinux plus stockings group; the odds ratio was 0.88 (95% confidence interval (CI) 0.46 to 1.65, p = 0.69). There is therefore no advantage in using gradu- Stockings are used by approximately 70% of patients in the United Kingdom, whereas in Europe and the USA many orthopaedic surgeons recommend their use for four to six weeks.
1 They have been recommended for patients at all levels of risk. 12 Compliance may be a problem and the stockings can cause complications, as was seen in 2% of the patients in this study, a significant figure, considering that the patients were carefully selected to avoid such complications. Major leg ischaemia has been described after both hip and knee replacement. 13 The stockings are timeconsuming to measure and fit, disliked by patients, inconvenient and costly.
14,15 A recent study in frail patients in a palliative care setting showed that stockings were unacceptable and that parenteral anticoagulation improved the patient's overall quality of life. 15 This study has a number of strengths, including its large sample size. It was well randomised and the level of compliance was high. However, the study was stopped early because the differences between the groups were so small that it would have been futile to continue. The main weakness was the need to use stockings in an 'open' fashion as it was impossible to blind this intervention with sham stockings. The study was designed to reduce this weakness by blinding the ultrasonographers to the treatment. The use of ultrasound to diagnose DVT in this setting has not been widely tested but it is known to be less sensitive than venography. Venography, however, is invasive and has a significantly higher failure rate than ultrasound. Although ultrasound is less sensitive, the measurement of the relative risk reduction, the key outcome, does not seem to be affected. 16 The two previous high-quality studies examining the addition of compression stockings to pharmacological methods showed a 65% reduction of relative risk in the stocking group. 5, 7, 8 However, these studies had less than one-third of the number of patients included in our study. Why did our study not show a difference between the two methods of treatment? The possible explanations include a lack of effect of the stockings, a lack of effect of the stockings when used with a very effective anticoagulant, a chance finding (unlikely given the sample size), poor compliance, inappropriate or incorrect use (unlikely as nursing staff were regularly encouraged to ensure that the stockings were properly applied and used), and poor sensitivity of the study (unlikely, given the sample size and event rates). The rates of symptomatic venous thromboembolism were similar and very low in both groups, consistent with the known efficacy of fondaparinux. A large study of patients with hip fractures has shown that extended prophylaxis for five weeks results in a highly significant reduction in asymptomatic and symptomatic venous thromboembolism. 17 The addition of graduated compression stockings does not appear to improve the effectiveness of prophylactic anticoagulation with fondaparinux. As graduated compression stockings are time-consuming to measure and fit, inconvenient, and expensive, we recommend that their use in hip surgery be reconsidered. In future, their use may be replaced by a more extended period of anticoagulation.
Supplementary Material
A further opinion by Mr G. C. Bannister is available with the electronic version of this article on our website at www.jbjs.org.uk
